 (Gut 1995; 36: 907-912) 
Constipation can be defined as passing two or fewer stools per week or excessive straining at stool.' These symptoms may be attributed to delayed colonic transit2 or impaired rectal emptying.3 The origin of the colonic motor defect is debatable. Histopathological changes in intramural nerve plexa compatible with nerve damage have been described in patients with longstanding constipation,4 as have altered levels of neurotransmitters.5 It is not known, however, if these changes are primary or secondary to chronic use of laxatives.
Inhibition of small6 and large7 bowel transit has been observed after induced rectal stasis. These findings suggest that slow transit constipation may develop secondary to impaired rectal evacuation. This hypothesis is of special interest since impaired rectal emptying is sometimes associated with an inability to relax the puborectalis muscle during evacuation,8 a condition that may be treated with biofeedback training.9 10 Consequently, it may be argued that pelvic floor retraining, or indeed any therapeutic action aiming at improving rectal evacuation, should precede all other measures in slow transit constipation.
A close relationship between rectal evacuation and colonic transit time would favour a causual relation between these variables. The inter-relationships between structural defecographic findings, rectal emptying, and colonic transit time, however, have not been systematically studied. Such knowledge would help to define the potential benefit of therapeutic measures aiming at correcting morphological abnormalities and improving rectal emptying in the management of intractable constipation.
The aim of this study was to evaluate the relations between defecographic findings, rectal emptying, and the number of distribution of markers on colonic transit examinations overall and in separate clinically defined groups of constipated patients.
Patients and methods Eighty patients (71 women, 9 men, median age 49 years, range 22-87) referred to the University Hospital, Uppsala for investigation of constipation of a median duration of 10 years (range 0-5-45) between January 1988 and June 1993 were included in this study. Patients with neurological illness were excluded. The stated bowel frequency ranged between one every three weeks and four per day (median two per week). The patients were classified into three groups depending on stool frequency, difficulties in rectal emptying, and general symptoms. The slow transit group (n= 10) consisted of patients with infrequent defecation (two or fewer/week) and abdominal pain or distension, or both. The group with outlet obstruction (n=45) had normal stool frequency (more than two/week) but claimed evacuation difficulties. Patients with both infrequent defecation and evacuation difficulties were classified as mixed (n=25 tuber os ischi at straining as compared with rest. The size of a rectocoele was calculated during straining as the distance from the apex of the anterior rectal wall to a line drawn in the axis of the anal canal. The presence of an enterocoele and its relation to the rectum was noted. Circumferential intussusception was graded in four groups: -6 mm, >6 mm but not reaching the anal canal, intra-anal, and external prolapse. A prominent impression of the puborectalis muscle during straining was judged as a sign of a paradoxical puborectalis contraction. All figures presented in the results section are corrected for a magnification factor of 1-7 noted by incorporating a lead marker at the centre of the commode.
Rectal evacuation on coded videotapes was evaluated by computer based area calculation. An image from the videotape was transferred to a computer with an analogue/digital converter (Matrox, type VIP 1024) and processed with the Epsilon system (IMTEC, Uppsala, Sweden) consisting of an array processor, a display processor, and 4 Mb image memory. The host computer was a Motorola 68030 with a 300 Mb data and program disc. Images from the resting phase, after first strain and the postevacuation phase was selected for analysis. The boundaries of homogenous contrast was outlined manually -that is, a thin layer of contrast covering the mucosa was not included in the region of interest. The area of the distal 8 cm of the rectum was calculated at rest (Fig 1) , after first strain, and after the total evacuation period (Fig 2) . The time used for the first strain (that is, maximum evacuation) as well as the total evacuation time was noted. Rectal evacuation was expressed as the percentage evacuated area, percentage evacuated area per second during maximum evacuation, and percentage evacuated area per second during the total straining period (Fig 3) . This was a modification of the method described by Tumbull et al. 12 The three evacuation parameters were reproducible as evaluated by the method described by Bland and Altman'3 in 20 unselected subjects. The reproducibility of the percentage evacuated area per second during the total evacuation period is shown in Figure 4 . The reproducibility of the other evacuation parameters was of a similar magnitude (date not shown). In order to validate further the method, a subjective grading was done independently by three investigators (1l=complete evacuation, 2=intermediate, and 3=poor). There were good correlations between the subjective grading and the area calculation methods (r=0-51-O 66, p<0-0Ol). All defecographic evaluations were performed without knowledge of the clinical characteristics or the results of the transit examination.
(upper 95th centile 4-7 days). For analysis of the segmental distribution of markers, the colon was divided into four main segments by lines drawn from the centre of the promontory. Markers situated between lines through the right pelvic outlet and through the middle of the vertebral column were considered to reside in the right colon. Markers between lines through the vertebral column and to the left iliac crest were regarded as located in the left colon. Those situated between lines through the left iliac crest and the centre of the left femoral head were judged as belonging to the sigmoid colon. Finally, markers between lines through the right pelvic outlet and the centre of left femoral head were considered as being in the rectum. This method has previously been used for assessing regional colonic transit.15 STATISTICAL RADIOLOGICAL FINDINGS Some degree of intussusception was observed in 51 of 71 women (72%) and in four of nine men (44%, p>0.20). The infolding was 6 mm or less in 11 patients, >6 mm but not reaching the anal canal in 39, intra-anal in four, and one patient had external prolapse. An enterocoele was noted in 37 of 71 women (52%), and two of nine men (22%, p>0 10). The enterocoele was situated adjacent to the rectum during straining in nine cases. A rectocoele exceeding 2 cm was observed in 43 of the women (61%) but in none of the men (p<0.01). In 38 of the rectocoeles, entrapment of contrast at the end of straining was noted. The rectocoele was larger in those with entrapment (median 2-7 cm, range 1-5-4-4) than in those with to those without (median 1.2 cm, range 0-2-7, p<0-001). Prominent imnpression of the puborectalis muscle during straining was seen in seven women (10%) and four men (44%, p<0 05). Six patients had a decreased anorectal angle during straining compared with at rest. The median evacuated area during the total emptying period was 88% (range 0-100). The median rate of evacuation was 2-1% per second (0-20) during the total period and 4.0% per second (0-20) during maximum evacuation. For each emptying variable, men had slightly more efficient evacuation than women, but this difference was not statistically significant (data not shown).
The colonic transit time was faster in men (median 2-1 days, range 1-4-5.9) than in women (median 3 9 days, range 0-7-6-5, p<0-05). Fifty patients had a normal transit time -that is, within the 95th centile for each The frequency of intussusception, enterocoele, and paradoxical puborectalis contraction did not differ between the three patient groups. Neither did perineal descent nor change in anorectal angle (strain-rest) differ between the groups. There was a tendency towards larger rectocoeles in the slow transit and mixed group compared with the outlet group (p=0.09, and p=0-06, respectively). Evacuation was less efficient in the slow transit group and there was a significant difference regarding maximum evacuation per second (Table II) . The colonic transit time was prolonged in the slow transit and mixed group compared with the outlet obstruction group (p<0001). There was also a difference in the distribution of markers between the slow transit, mixed, and outlet obstruction groups. In the former two groups most markers were retained in the right colon whereas in the outlet obstruction group the majority of markers were in the rectosigmoid segment (Table II) .
When separate symptoms such as abdominal pain and distension were analysed in relation to radiological findings, no difference was found between asymptomatic and symptomatic patients, except that digitation was associated with large rectocoeles (p<005) and absence of the paradoxical puborectalis contraction (p<0'01).
CORRELATIONS
The size of a rectocoele correlated with the percentage evacuated area (r= -0.45, p<0001), the rate of emptying during the total evacuation period (r=-0.32, p<001), and the rate of emptying during maximum evacuation (r=-0 33, p<001). Patients with prominent puborectalis sign evacuated less contrast than those without this sign (median 46%, range 0-100 v 79%, range 17-100, p<0 004). Furthermore, the rate of emptying was lower in this group both during the total evacuation period (median 0-9% per second, range 0-5 v median 2.3% per second, range 0-3-20, p<001), and during maximum evacuation (median 1.9% per second, range 0-6.5 v 4.3% per second, range 0-20, p<0 01). Neither intussusception, enterocoele, perineal descent, nor change in anorectal angle were significantly correlated to any of the emptying variables (data not shown).
There were no significant associations between transit time and intussusception, enterocoele, or rectocoele. The colonic transit time did not correlate with rectal emptying in the total population either when measured as the percentage evacuated area (r=-0.06, p>060), or when measured as the percentage per second during the whole evacuation period (r=-0 09, p>040) or during maximum evacuation (r=-0d12, p>0 20). The proportion of markers in the rectosigmoid segment correlated to the rate of emptying during maximum evacuation (r=-0.30, p<0 01). When patients with a transit time of six days or more were compared with those with a transit time less than six days, it was found that defecographic abnormalities consistent with paradoxical puborectalis contraction and poor emptying were more frequent in the former group (Table III) . Moreover, 10 of 14 (71%) patients with a colonic transit time of six days or more exhibited poor rectal emptying associated with either a rectocoele with entrapment of contrast or a prominent impression of the puborectalis muscle during straining.
The above mentioned correlations between transit time, rectal emptying, and defecographic findings were also analysed separately in each patient group. In the mixed group there was a correlation between the proportion of transit markers in the rectosigmoid segment and all evacuation parameters (Table  IV) . The association between the size of a rectocoele, prominent puborectalis sign, and evacuation was also seen in the groups. No other significant correlation was found. However, when patients who stated a defecation frequency of twice or less per week (slow transit and mixed group) were analysed together, an inverse relation was observed between colonic transit time and the rate of emptying during the total evacuation period (r=-0.40, p<002).
Discussion
The relationships between morphological abnormalities, rectal emptying, and colonic transit are of theoretical interest in the interpretation of the pathophysiology of severe constipation. In addition, this question has practical consequences in the clinical management of patients. If delayed colonic transit is secondary to outlet obstruction, the logical treatment would be measures aiming at improving rectal emptying. If, on the other hand, no such relation exists, these measures would be useless, and just a waste of resources and time. It has previously been claimed that paradoxical puborectalis contraction plays an important role in the genesis of slow transit constipation.16 17 The former condition has been successfully treated with biofeedback. 9 10 There was a good agreement between the clinical classification and the colonic transit time. In contrast, there was a poor correlation between a sense of obstruction and rectal evacuation as evaluated by defecography. Patients who claimed emptying difficulties actually had the most efficient evacuation. In the outlet obstruction group, 41 of 45 had intussusception or enterocoele, or both, and theoretically, these findings could give a sensation of incomplete emptying. These findings were equally common in the slow transit group, but without causing a sense of obstruction. This may be due to an impaired rectal sensibility in the slow transit group.18
The present study showed that a rectocoele is associated with impaired rectal emptying. This relation is not necessarily causual since intense straining may result in an enlarged ventral rectal 'outpocketing'. Another 23 Although no direct relationship between rectal emptying and colonic transit time (overall or in the separate patient groups) was verified in this study, we did find such a relation when the analysis was restricted to patients with infrequent defecation. A causual relationship between rectal emptying and colonic transit is impossible to establish from the present study. Nevertheless, our findings are consistent with that impaired rectal emptying may eventually lead to colonic dysfunction in some patients. This is also in agreement with the frequent finding of paradoxical contraction of the puborectalis muscle and impaired emptying in patients with transit time of six days or more. Actually, 10 of 14 (7 1%) in this group had signs of outlet obstruction. The predominating abnormality was a rectocoele with entrapment of contrast at attempted defecation (five cases). An isolated impression of the puborectalis muscle during straining was seen in two cases whereas a combination of these findings was observed in three cases. It has previously been claimed that pelvic floor retraining is indicated in many patients with slow colonic transit.16 17 Our results suggest that some of these patients also have evacuation problems due to a rectocoele with incomplete emptying.
We observed an interesting difference according to gender. It was hardly surprising that rectocoeles were only observed in women. The predominance of men with paradoxical puborectalis contraction in this population suggests that this disorder may be proportionally more frequent in men with constipation.
In summary, the stated defecation frequency corresponded to the colonic transit time whereas a sensation of obstructed defecation did not relate to rectal evacuation as evaluated by defecography. The size of a rectocoele and prominent impression of the puborectalis muscle was correlated to rectal emptying. Rectal emptying was not directly related to colonic transit time in the total population. A separate analysis of patients with infrequent defecation revealed an inverse relation between the rate of rectal emptying and colonic transit time. A paradoxical puborectalis contraction and poor rectal emptying were more common in those with prolonged as compared with those with normal colonic transit. These results indicate a possibility for the development of slow colonic transit secondary to outlet obstruction in some patients.
